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(54)  Power  amplifying  circuit  and  method 

(57)  An  envelope  level  of  an  output  of  a  variable  gain 
power  amplifier  1  is  detected  by  a  detector  5.  An  enve- 
lope  level  of  an  output  of  the  variable  gain  power  ampli- 
fier  1  detected  by  the  detector  5  and  a  waveform  of  a 
reference  signal  which  is  generated  from  a  reference 
signal  generator  7  are  compared.  A  gain  of  the  variable 
gain  power  amplifier  1  is  controlled  in  accordance  with 
a  comparison  output.  Upon  leading  of  a  transmission 
output,  the  reference  signal  is  raised  from  a  ground  level 

to  a  rest  value  higher  than  the  rest  value  of  the  detector 
5.  After  the  reference  signal  entered  a  response  raised 
along  a  cosine  square  wave.  Upon  trailing  of  the  trans- 
mission  output,  the  reference  signal  is  smoothly  re- 
duced  to  a  value  near  the  rest  value  of  the  detector  5 
along  a  cosine  square  wave  and  is  maintained  at  a  value 
near  the  rest  value  of  the  detector  5.  After  the  negative 
feedback  loop  did  not  respond,  the  reference  signal  is 
reduced  to  the  rest  value  of  the  detector  5  or  less. 
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Description 

The  invention  relates  to  power  amplifying  circuit  and 
method  suitable  for  use  in  a  power  amplification  of  a  dig- 
ital  cellular  phone  terminal  of  a  time-division  multiplex 
system. 

In  a  manner  similar  to  a  GSM  (Group  Special  Mo- 
bile)  system,  since  a  transmission  is  performed  in  a 
burst  manner  in  a  digital  cellular  phone  using  the  time- 
division  multiplex  system,  if  leading  and  trailing  (ramp- 
up  and  ramp-down)  of  a  transmission  signal  are  not 
smoothly  performed  upon  transmission,  the  transmis- 
sion  signal  spectrum  is  spread,  so  that  a  neighboring 
channel  is  affected.  That  is,  as  shown  in  Fig.  1A,  when 
the  leading  and  trailing  edges  of  the  transmission  signal 
are  steep,  an  envelope  of  the  transmission  signal  be- 
comes  a  square  wave.  Therefore,  the  spectrum  is 
spread  and  an  influence  is  exerted  on  the  neighboring 
channel.  As  shown  in  Fig.  1  B,  a  control  is  performed  so 
that  the  leading  and  trailing  edges  of  the  transmission 
signal  become  gentle. 

In  this  manner,  the  control  to  make  the  leading  and 
trailing  edges  of  the  transmission  signal  gentle  is  real- 
ized  by  a  negative  feedback  loop  such  that  an  output 
level  of  a  variable  gain  power  amplifier  is  detected,  the 
output  level  of  the  variable  gain  power  amplifier  is  com- 
pared  with,  for  example,  a  cosine  square  waveform,  and 
a  gain  of  the  variable  gain  power  amplifier  is  controlled 
in  accordance  with  a  comparison  output.  Fig.  2  shows 
an  example  of  a  conventional  power  amplifying  circuit 
in  which  the  leading  and  trailing  edges  of  the  transmis- 
sion  signal  is  controlled  so  as  to  be  gentle  in  this  manner. 

In  Fig.  2,  reference  numeral  101  denotes  a  variable 
gain  power  amplifier.  The  variable  gain  power  amplifier 
101  power  amplifies  a  transmission  output  in  a  digital 
cellular  phone  terminal  of,  for  example,  the  GSM  sys- 
tem.  A  gain  of  the  variable  gain  power  amplifier  101  can 
be  controlled  by  a  control  signal  from  an  operational  am- 
plifier  106. 

The  transmission  signal  is  supplied  from  an  input 
terminal  102  to  the  variable  gain  power  amplifier  101. 
Since  the  time-division  multiplex  system  is  used  in  the 
digital  cellular  phone  of  the  GSM  system,  the  transmis- 
sion  signal  is  sent  in  a  burst  manner.  The  transmission 
signal  is  power  amplified  by  the  variable  gain  power  am- 
plifier  101  and  is  outputted  from  an  output  terminal  1  03. 

The  output  of  the  variable  gain  power  amplifier  101 
is  transmitted  through  a  directional  coupler  104  and  is 
detected  by  a  detector  105.  The  detector  105  envelope 
detects  the  output  of  the  variable  gain  power  amplifier 
101.  An  output  of  the  detector  105  is  supplied  to  one 
input  terminal  of  the  operational  amplifier  106.  A  refer- 
ence  signal  from  a  reference  signal  generator  107  is 
supplied  to  another  input  terminal  of  the  operational  am- 
plifier  106.  A  resistor  108  and  a  capacitor  109  are  pro- 
vided  for  the  Operational  amplifier  106  to  act  as  an  in- 
tegrator. 

The  reference  signal  generator  1  07  generates  a  ref- 

erence  signal  of  a  cosine  square  waveform  as  shown  in 
Fig.  3  so  that  an  envelope  level  of  the  transmission  out- 
put  from  the  variable  gain  power  amplifier  101  is 
smoothly  changed  along,  for  example,  a  cosine  square 

5  waveform. 
An  envelope  level  S1  2  of  the  output  of  the  variable 

gain  power  amplifier  101  from  the  detector  105  and  a 
reference  signal  S11  from  the  reference  signal  genera- 
tor  107  are  compared  by  the  operational  amplifier  106. 

10  A  control  signal  S  1  3  is  formed  by  the  comparison  output. 
The  gain  of  the  variable  gain  power  amplifier  1  01  is  con- 
trolled  by  the  control  signal  S13.  By  the  negative  feed- 
back  loop  as  mentioned  above,  the  leading  and  trailing 
edges  of  the  output  of  the  variable  gain  power  amplifier 

is  101  are  controlled  so  as  to  form,  for  example,  a  cosine 
square  curve.  Consequently,  the  leading  and  trailing 
edges  at  the  time  of  the  transmission  become  gentle  and 
it  is  possible  to  prevent  an  obstruction  of  the  neighboring 
channel  due  to  the  spread  spectrum  upon  burst  trans- 

20  mission. 
For  instance,  in  the  GSM  system,  a  leakage  power 

of  a  non-transmission  time  slot  has  to  be  suppressed  to 
a  value  lower  than  an  electric  power  of  a  transmission 
time  slot  by  about  70  dB.  On  the  other  hand,  a  dynamic 

25  range  of  the  detector  105  is  equal  to  about  30  dB  and 
cannot  cover  a  power  variable  range  of  the  variable  gain 
power  amplifier  101  .  Consequently,  even  when  a  signal 
with  the  cosine  square  waveform  as  shown  in  Fig.  3  is 
used  as  a  reference  signal,  the  transmission  output  is 

30  not  changed  like  a  reference  signal.  Namely,  the  trans- 
mission  output  changes  by  an  open  loop  at  the  start  time 
of  the  transmission  signal.  When  the  signal  transmission 
output  lies  within  a  control  range  of  the  negative  feed- 
back  loop,  it  changes  along  the  reference  signal.  Thus, 

35  a  problem  such  that  a  discontinuity  occurs  in  the  trans- 
mission  output  and  the  spectrum  is  spread  occurs  and 
a  variation  also  occurs  in  the  time  when  a  maximum  out- 
put  is  derived.  Since  the  dynamic  range  of  the  detector 
1  05  cannot  cover  the  variable  range  of  the  leakage  pow- 

40  er  of  the  non-transmission  time  slot  and  the  power  of  the 
transmission  time  slot,  the  leakage  power  cannot  be 
controlled  to  a  sufficiently  low  level  when  a  timing  enters 
the  non-transmission  time  slot. 

Fig.  4  shows  waveforms  in  the  sections  when  they 
45  are  controlled  by  using  the  reference  signal  as  shown 

in  Fig.  3  in  the  conventional  power  amplifier  shown  in 
Fig.  2.  In  Fig.  4,  the  output  S12  of  the  detector  105  is  a 
rest  voltage  Vd  before  a  time  point  t̂   . 

At  the  start  of  the  transmission,  the  reference  signal 
so  S11  gradually  rises  from  the  time  point  t-,-,.  Just  after  the 

time  point  t-,-,,  since  the  transmission  output  lies  within 
the  dynamic  range  of  the  detector  1  05  or  less,  as  shown 
in  Fig.  4B,  the  control  signal  S13  from  the  operational 
amplifier  106  rises  in  accordance  with  a  time  constant 

55  which  is  decided  by  the  resistor  1  08  and  capacitor  1  09. 
Consequently,  the  output  of  the  variable  gain  power  am- 
plifier  101  gradually  rises.  However,  the  control  system 
forms  an  open  loop  until  the  output  level  of  the  variable 
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gain  power  amplifier  101  enters  the  dynamic  range  of 
the  detector  105.  As  shown  in  Fig.  4A,  the  output  level 
S12  of  the  detector  105  is  equal  to  the  rest  voltage  Vd 
for  a  period  of  time  from  t-,-,  to  t12. 

When  the  control  signal  S13  from  the  operational 
amplifier  106  rises  to  a  level  VA  at  the  time  point  t12,  the 
output  level  of  the  variable  gain  power  amplifier  101  en- 
ters  the  dynamic  range  of  the  detector  105.  Since  the 
output  level  of  the  variable  gain  power  amplifier  101  en- 
ters  the  dynamic  range  of  the  detector  1  05  from  the  time 
point  t12,  the  output  S1  2  corresponding  to  the  envelope 
level  of  the  output  of  the  variable  gain  power  amplifier 
1  01  is  generated  from  the  detector  1  05.  The  control  sig- 
nal  S13  is  formed  by  the  comparison  output  of  the  en- 
velope  level  S12  and  reference  signal  S11,  so  that  a 
negative  feedback  loop  is  made  operative.  The  output 
level  of  the  variable  gain  power  amplifier  101  changes 
in  accordance  with  the  reference  signal  by  the  negative 
feedback  loop. 

As  mentioned  above,  hitherto,  the  control  system 
forms  the  open  loop  just  after  the  time  point  t-,-,  at  the 
start  of  the  transmission  and  the  negative  feedback  loop 
is  made  operative  from  the  time  point  t1v  Therefore,  a 
discontinuity  occurs  in  the  transmission  output  near  the 
time  point  t12. 

As  shown  in  Fig.  4A,  when  the  transmission  is  fin- 
ished,  the  reference  signal  S1  1  is  reduced  at  a  time  point 
t14  along,  for  example,  a  cosine  square  curve.  When  the 
reference  signal  S11  is  reduced  along,  for  example,  the 
cosine  square  curve,  since  the  negative  feedback  loop 
operates,  the  output  level  of  the  variable  gain  power  am- 
plifier  101  decreases  in  accordance  with  a  change  in  ref- 
erence  signal  S1  1  .  The  level  of  the  reference  signal  S1  1 
is  set  to  the  rest  voltage  vd  of  the  detector  1  05  at  a  time 
point  t15. 

At  this  time,  although  the  output  level  S1  2  of  the  de- 
tector  105  is  set  to  the  rest  voltage  Vd,  the  dynamic 
range  of  the  detector  1  05  doesn't  cover  the  range  of  the 
leakage  power  of  the  non-transmission  time  slot  and  the 
electric  power  of  the  transmission  time  slot,  so  that  the 
leakage  power  at  the  time  of  the  non-transmission  is  not 
always  sufficiently  reduced.  That  is,  although  it  is  re- 
quired  to  reduce  the  leakage  power  of  the  non-transmis- 
sion  time  slot  to  a  value  which  is  lower  than  the  electric 
power  of  the  transmission  time  slot  by  about  70  dB,  the 
dynamic  range  of  the  detector  105  is  equal  to  about  30 
dB.  Therefore,  since  the  control  to  reduce  the  leakage 
power  of  the  non-transmission  time  slot  to  the  value 
which  is  lower  than  the  electric  power  of  the  transmis- 
sion  time  slot  by  about  70  dB  exceeds  a  range  of  the 
system  control,  whether  the  leakage  power  at  the  time 
of  the  non-transmission  has  sufficiently  been  reduced 
cannot  be  assured. 

Hitherto,  when  the  power  level  is  low,  a  variation  oc- 
curs  in  the  time  until  the  maximum  output  is  derived. 

Fig.  5  shows  a  case  where  the  transmission  power 
level  is  low.  As  shown  in  Fig.  5,  when  the  transmission 
power  level  is  low,  a  period  of  time  (time  points  t21  to  t22) 

until  the  output  level  of  the  variable  gain  power  amplifier 
101  enters  the  dynamic  range  of  the  detector  105  be- 
comes  long  at  the  start  of  the  transmission.  Conse- 
quently,  a  time  point  t23A  when  the  output  power  reaches 

5  the  maximum  value  is  delayed  as  compared  with  a  time 
point  t23B  when  the  reference  signal  reaches  the  maxi- 
mum  value.  As  mentioned  above,  hitherto,  a  variation 
occurs  in  the  time  until  the  output  power  becomes  max- 
imum.  Namely,  a  delay  time  At  when  the  output  power 

10  becomes  maximum  is  varied  due  to  the  output  power. 
For  example,  as  disclosed  in  JP-A-3-289805,  there 

has  been  proposed  an  apparatus  constructed  in  a  man- 
ner  such  that  a  rectangular  wave  pulse  is  prepared  by 
using  a  construction  shown  in  Fig.  6,  the  rectangular 

is  wave  pulse  is  superimposed  to  the  control  signal  S1  3  to 
be  sent  to  the  variable  gain  power  amplifier  at  the  time 
of  the  transmission,  and  the  lack  of  the  dynamic  range 
of  the  detector  is  compensated  by  the  rectangular  wave 
pulse.  With  this  construction,  however,  since  the  rectan- 

20  gular  wave  pulse  is  newly  needed,  a  circuit  scale  in- 
creases. 

As  shown  in  JP-A-7-15267  and  JP-A-4-355507,  an 
apparatus  having  an  auxiliary  negative  feedback  loop 
for  interpolating  a  time  interval  until  the  negative  feed- 

25  back  loop  starts  to  respond  has  been  provided.  Howev- 
er,  when  such  an  auxiliary  loop  is  provided,  a  circuit 
scale  increases. 

According  to  one  aspect  of  the  invention,  there  is 
provided  a  power  amplifying  circuit  comprising:  a  varia- 

30  ble  gain  power  amplifier;  a  detector  for  detecting  an  en- 
velope  level  of  an  output  of  the  variable  gain  power  am- 
plifier;  a  reference  signal  generator  for  generating  a  ref- 
erence  signal  to  convert  an  envelope  of  the  output  of  the 
variable  gain  power  amplifier  to  a  smooth  waveform; 

35  and  a  negative  feedback  loop  for  comparing  the  enve- 
lope  level  of  the  output  of  the  variable  gain  power  am- 
plifier  detected  by  the  detector  and  a  waveform  of  the 
reference  signal  which  is  generated  from  the  reference 
signal  generator,  thereby  controlling  a  gain  of  the  vari- 

40  able  gain  power  amplifier  in  accordance  with  a  compar- 
ison  output,  wherein  the  waveform  of  the 

reference  signal  from  the  reference  signal  genera- 
tor  is  raised  from  a  value  lower  than  a  rest  value  of  the 
detector  to  a  value  higher  than  the  rest  value  of  the  de- 

45  tector  upon  leading  of  a  transmission  output  and  is  main- 
tained  to  a  value  higher  than  the  rest  value  of  the  detec- 
tor  and,  after  that,  the  reference  signal  is  smoothly 
raised. 

According  to  another  aspect  of  the  invention,  there 
so  is  provided  a  power  amplifying  circuit  comprising:  a  var- 

iable  gain  power  amplifier;  a  detector  for  detecting  an 
envelope  level  of  an  output  of  the  variable  gain  power 
amplifier;  a  reference  signal  generator  for  generating  a 
reference  signal  to  convert  an  envelope  of  the  output  of 

55  the  variable  gain  power  amplifier  to  a  smooth  waveform; 
and  a  negative  feedback  loop  for  comparing  the  enve- 
lope  level  of  the  output  of  the  variable  gain  power  am- 
plifier  detected  by  the  detector  and  a  waveform  of  the 

3 
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reference  signal  which  is  generated  from  the  reference 
signal  generator,  thereby  controlling  a  gain  of  the  vari- 
able  gain  power  amplifier  in  accordance  with  a  compar- 
ison  output,  wherein  the  waveform  of  the  reference  sig- 
nal  from  the  reference  signal  generator  is  smoothly  re- 
duced  to  a  value  near  a  rest  value  of  the  detector  upon 
trailing  of  a  transmission  output  and  is  maintained  to  a 
value  near  the  rest  value  of  the  detector  and,  after  that, 
the  reference  signal  is  reduced  to  the  rest  value  of  the 
detector  or  less. 

According  to  further  aspects  of  the  present  inven- 
tion  there  are  provided  methods  corresponding  to  the 
operation  of  the  foregoing  circuits. 

The  hereinafter  described  and  illustrated  power  am- 
plifying  circuit  smoothes  leading  and  trailing  edges  of  a 
transmission  output  and  can  prevent  a  spread  of  a  spec- 
trum.  It  can  control  a  leakage  power  at  a  non-transmis- 
sion  time  slot  to  a  small  enough  value.  It  can  prevent  a 
variation  of  a  delay  time  when  the  output  power  be- 
comes  maximum  due  to  an  output  power.  Also  it  accom- 
plishes  the  above-mentioned  advantages  without  caus- 
ing  an  increase  in  circuit  scale. 

When  the  transmission  output  rises,  the  reference 
signal  is  raised  from  the  ground  level  to  the  rest  value 
of  the  detector  or  more  and  is  maintained  to  a  value  high- 
er  than  the  rest  value  of  the  detector.  After  the  transmis- 
sion  output  enters  a  response  range  of  the  negative 
feedback  loop,  the  reference  signal  is  smoothly  raised 
along  a  cosine  square  wave.  When  the  transmission 
output  trails,  the  reference  signal  is  smoothly  reduced 
to  a  value  near  the  rest  of  the  detector  along  the  cosine 
square  wave  and  is  maintained  to  the  value  near  the 
rest  value  of  the  detector.  After  the  negative  feedback 
loop  does  not  respond,  the  reference  signal  is  reduced 
to  the  rest  value  of  the  detector  or  less.  By  using  the 
reference  signal,  a  discontinuity  of  the  transmission  lev- 
el  upon  leading  of  the  transmission  output  is  extin- 
guished  and  the  generation  of  a  spurious  can  be  pre- 
vented.  At  the  start  of  the  transmission,  there  is  no  var- 
iation  in  the  time  until  the  maximum  power  is  derived. 
Further,  a  leakage  power  in  a  non-transmission  slot  can 
be  sufficiently  reduced. 

The  above  and  other  features  of  the  present  inven- 
tion  will  become  apparent  from  the  following  detailed 
non-limitative  description  and  the  appended  claims  with 
reference  to  the  accompanying  drawings,  in  which: 

Figs.  1  A  and  1  B  are  waveform  diagrams  which  are 
used  for  explanation  of  a  conventional  power  am- 
plifying  circuit; 
Fig.  2  is  a  block  diagram  of  an  example  of  the  con- 
ventional  power  amplifying  circuit; 
Fig.  3  is  a  waveform  diagram  of  a  reference  signal 
of  a  cosine  square  waveform; 
Figs.  4A  and  4B  are  control  waveform  diagrams 
which  are  used  for  explanation  of  an  example  of  the 
conventional  power  amplifying  circuit; 
Figs.  5A  and  5B  are  control  waveform  diagrams  in 

case  of  a  low  power  level  which  are  used  for  expla- 
nation  of  the  example  of  the  conventional  power 
amplifying  circuit; 
Fig.  6  is  a  block  diagram  of  another  example  of  a 

5  conventional  power  amplifying  circuit; 
Fig.  7  is  a  block  diagram  of  an  example  of  a  power 
amplifying  circuit  to  which  the  invention  is  applied; 
Fig.  8  is  a  waveform  diagram  of  a  reference  signal 
which  is  used  for  explanation  of  the  example  of  the 

10  power  amplifying  circuit  to  which  the  invention  is  ap- 
plied; 
Figs.  9A  and  9B  are  waveform  diagrams  which  are 
used  for  explanation  of  the  example  of  the  power 
amplifying  circuit  to  which  the  invention  is  applied; 

is  Fig.  1  0  is  a  block  diagram  of  an  example  of  a  refer- 
ence  signal  generator  in  the  power  amplifying  circuit 
to  which  the  invention  is  applied; 
Figs.  1  1  A,  1  1  B,  and  1  1  C  are  leading  waveform  dia- 
grams  which  are  used  for  explanation  of  the  refer- 

20  ence  signal  generator  in  the  power  amplifying  circuit 
to  which  the  invention  is  applied; 
Figs.  12A,  12B,  and  12C  are  leading  waveform  di- 
agrams  which  are  used  for  explanation  of  the  refer- 
ence  signal  generator  in  the  power  amplifying  circuit 

25  to  which  the  invention  is  applied; 
Fig.  1  3  is  a  connection  diagram  of  a  resistor  synthe- 
sizing  circuit  which  is  used  for  explanation  of  the  ref- 
erence  signal  generator  in  the  power  amplifying  cir- 
cuit  to  which  the  invention  is  applied;  and 

30  Figs.  14A,  14B,  and  14C  are  leading  and  trailing 
waveform  diagrams  which  are  used  for  explanation 
of  the  reference  signal  generator  in  the  power  am- 
plifying  circuit  to  which  the  invention  is  applied. 

35  An  embodiment  of  the  invention  will  now  be  de- 
scribed  hereinbelow  with  reference  to  the  drawings.  Fig. 
7  shows  an  embodiment  of  the  invention. 

In  Fig.  7,  reference  numeral  1  denotes  a  variable 
gain  power  amplifier.  The  variable  gain  power  amplifier 

40  1  power  amplifies  a  transmission  output  in,  for  example, 
a  digital  cellular  phone  terminal  of  a  GSM  system.  A  gain 
of  the  variable  gain  power  amplifier  1  can  be  controlled 
by  a  control  signal  from  an  operational  amplifier  6. 

A  transmission  signal  is  supplied  from  an  input  ter- 
45  minal  2  to  the  variable  gain  power  amplifier  1  .  In  the  dig- 

ital  cellular  phone  of  the  GSM  system,  since  a  time-di- 
vision  multiplex  system  is  used,  the  transmission  signal 
is  sent  in  a  burst-like  manner.  The  transmission  signal 
is  power  amplified  by  the  variable  gain  power  amplifier 

so  1  and  is  outputted  from  an  output  terminal  3. 
An  output  of  the  variable  gain  power  amplifier  1  is 

detected  by  a  detector  5  through  a  directional  coupler 
4.  The  detector  5  detects  an  envelope  of  the  output  of 
the  variable  gain  power  amplifier  1  .  An  output  of  the  de- 

55  tector  5  is  supplied  to  one  input  terminal  of  the  opera- 
tional  amplifier  6.  A  reference  signal  from  a  reference 
signal  generator  7  is  supplied  to  another  input  terminal 
of  the  operational  amplifier  6.  A  resistor  8  and  a  capac- 
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itor  9  are  provided  for  the  operational  amplifier  6,  there- 
by  adding  integrating  characteristics. 

The  reference  signal  generator  7  generates  the  ref- 
erence  signal  so  that  an  envelope  level  of  the  transmis- 
sion  output  from  the  variable  gain  power  amplifier  1 
smoothly  changes  along,  for  example,  a  cosine  square 
waveform.  The  reference  signal  from  the  reference  sig- 
nal  generator  7  rises  from  a  grounding  level  to  a  rest 
voltage  or  more  of  the  detector  5  at  the  time  of  the  lead- 
ing  of  the  transmission  output  so  that  the  envelope  level 
of  the  output  signal  can  be  controlled  within  a  response 
range  of  a  negative  feedback  loop.  The  reference  signal 
is  maintained  to  a  value  higher  than  the  rest  voltage  of 
the  detector  5.  After  the  reference  signal  rose  to  a  value 
that  is  equal  to  or  larger  than  the  detection  rest  value 
and  entered  a  response  range  of  the  negative  feedback 
loop,  it  is  smoothly  allowed  to  rise  along  a  cosine  square 
wave.  At  the  time  of  trailing  of  the  transmission  output, 
the  reference  signal  is  allowed  to  smoothly  drop  by  a 
cosine  square  wave  to  a  level  near  the  rest  voltage  of 
the  detector  and  is  maintained  at  a  level  near  the  rest 
voltage  of  the  detector  5.  After  a  response  of  the  nega- 
tive  feedback  loop  was  extinguished,  the  reference  sig- 
nal  is  trailed  to  the  grounding  level. 

Namely,  Fig.  8  shows  an  example  of  the  reference 
signal  from  the  reference  signal  generator  7.  As  shown 
in  Fig.  8,  upon  leading,  the  reference  signal  is  raised 
from  the  grounding  level  to  a  level  V1  higher  than  the 
rest  voltage  Vd  of  the  detector  5  and  is  maintained  at 
the  level  V1  .  After  that,  it  is  gradually  raised  along  a  co- 
sine  square  curve.  Upon  trailing,  the  reference  signal  is 
gradually  dropped  along  a  cosine  square  curve  and  is 
reduced  to  a  level  V2  that  is  almost  equal  to  the  rest 
voltage  of  the  detector  5  and  is  maintained  at  the  level 
V2.  When  the  response  of  the  negative  feedback  loop 
is  extinguished,  the  reference  signal  is  dropped  to  the 
grounding  level. 

An  envelope  output  level  S2  of  the  output  of  the  var- 
iable  gain  power  amplifier  1  from  the  detector  5  and  a 
reference  signal  S1  from  the  reference  signal  generator 
7  are  compared  by  the  operational  amplifier  6.  A  control 
signal  S3  is  formed  by  a  comparison  output.  The  gain 
of  the  variable  gain  power  amplifier  1  is  controlled  by  the 
control  signal  S3.  By  such  a  negative  feedback  loop,  the 
leading  edge  and  trailing  edge  of  the  envelope  level  of 
the  output  of  the  variable  gain  power  amplifier  1  are  con- 
trolled  to,  for  example,  a  cosine  square  curve.  Thus,  the 
leading  edge  and  trailing  edge  upon  transmission  be- 
come  smooth  and  an  interference  of  the  adjacent  chan- 
nel  due  to  a  spread  spectrum  at  the  time  of  the  burst 
transmission  can  be  prevented. 

According  to  the  embodiment  of  the  invention,  the 
reference  signal  as  shown  in  Fig.  8  is  used.  By  using 
such  a  reference  signal,  a  discontinuity  of  the  transmis- 
sion  level  at  the  leading  edge  of  the  transmission  output 
is  extinguished  and  the  generation  of  a  spurious  can  be 
prevented.  At  the  time  of  the  start  of  the  transmission, 
a  variation  in  time  until  the  maximum  power  is  derived 

is  eliminated.  Further,  a  leakage  power  in  the  non-trans- 
mission  slot  can  be  sufficiently  reduced. 

Namely,  in  Fig.  9,  the  level  of  the  reference  signal 
S1  is  set  to  the  grounding  level  before  a  time  point  tO. 

5  In  this  instance,  the  output  level  S2  of  the  detector  5  is 
equal  to  the  rest  voltage  Vd. 

When  the  transmission  is  started,  the  reference  sig- 
nal  S1  rises  to  the  level  V1  from  the  grounding  level  at 
the  time  point  tO.  The  level  V1  is  higher  than  the  rest 

10  voltage  Vd  of  the  output  of  the  detector  5.  Therefore,  as 
shown  in  Fig.  9B,  the  level  S3  of  the  control  voltage  from 
the  operational  amplifier  6  rises  in  accordance  with  a 
time  constant  which  is  determined  by  the  resistor  8  and 
capacitor  9.  Until  the  output  level  of  the  variable  gain 

is  power  amplifier  1  enters  a  dynamic  range  of  the  detector 
5,  the  control  system  is  in  an  open  loop  state.  As  shown 
in  Fig.  9A,  the  output  level  S2  of  the  detector  5  is  set  to 
the  rest  voltage  Vd  for  a  period  of  time  from  tO  to  tl.  The 
control  system  is  held  in  the  open  loop  state  until  the 

20  time  point  t1. 
When  the  level  S3  of  the  control  voltage  from  the 

operational  amplifier  6  rises  to  the  level  VA  at  the  time 
point  tl,  the  output  level  of  the  variable  gain  power  am- 
plifier  1  enters  the  dynamic  range  of  the  detector  5.  As 

25  shown  in  Fig.  9A,  the  waveform  of  the  reference  signal 
S1  rises  along  the  cosine  square  curve  from  the  time 
point  tl.  The  output  level  S2  according  to  the  envelope 
level  of  the  output  of  the  variable  gain  power  amplifier  1 
is  derived  from  the  detector  5.  The  control  signal  S3  is 

30  formed  by  a  comparison  output  between  the  envelope 
level  S2  and  reference  signal  S1  and  the  negative  feed- 
back  loop  operates.  By  such  a  negative  feedback  loop, 
after  the  time  point  tl,  the  output  level  of  the  variable  gain 
power  amplifier  1  changes  in  accordance  with  the  refer- 

35  ence  signal  S2. 
According  to  the  embodiment  of  the  invention  as 

mentioned  above,  since  the  reference  signal  S1  is  main- 
tained  to  a  level  that  is  equal  to  or  higher  than  the  rest 
voltage  Vd  of  the  detector  5  for  a  period  of  time  from  tO 

40  to  tl,  the  negative  feedback  loop  is  immediately  made 
operative  from  the  time  point  tl.  Therefore,  a  large  dis- 
continuity  doesn't  occur  in  the  transmission  output  and 
the  generation  of  the  spurious  can  be  prevented.  Since 
the  negative  feedback  loop  is  immediately  made  oper- 

as  ative  from  the  time  point  tl,  even  when  the  transmission 
power  is  small,  a  delay  of  the  timing  at  which  the  trans- 
mission  output  becomes  maximum  doesn't  occur. 

When  the  transmission  is  finished,  as  shown  in  Fig. 
9A,  the  reference  signal  S1  is  reduced  along,  for  exam- 

50  pie,  a  cosine  square  curve  at  a  time  point  t4.  When  the 
reference  signal  S1  is  dropped  along,  for  instance,  the 
cosine  square  curve,  the  control  signal  S3  is  formed  by 
a  comparison  output  between  the  envelope  level  S2  of 
the  detector  5  and  the  reference  signal  S1  and  the  neg- 

55  ative  feedback  loop  operates.  Therefore,  the  output  lev- 
el  of  the  variable  gain  power  amplifier  1  decreases  in 
accordance  with  a  change  in  reference  signal. 

The  level  S1  of  the  reference  signal  is  maintained 

5 



9 EP  0  786  859  A2 10 

to  the  rest  voltage  Vd  for  a  period  of  time  from  t5  to  t6. 
Thus,  as  shown  in  Fig.  9B,  the  level  of  the  control  signal 
S3  from  the  operational  amplifier  6  drops  to  VA.  As 
shown  in  Fig.  9A,  the  reference  signal  S1  is  reduced  to 
the  grounding  level  at  the  time  point  t6.  When  the  refer- 
ence  signal  S1  decreases  to  the  rest  voltage  Vd  or  less, 
the  control  system  enters  the  open  loop  state.  As  shown 
in  Fig.  9B,  the  level  53  of  the  control  voltage  from  the 
operational  amplifier  6  decreases  in  accordance  with 
the  time  constant  which  is  determined  by  the  resistor  8 
and  capacitor  9.  The  output  of  the  variable  gain  power 
amplifier  1  also  decreases. 

According  to  the  embodiment  of  the  invention  as 
mentioned  above,  when  the  transmission  is  finished,  af- 
ter  the  reference  signal  was  maintained  to  a  level  near 
the  rest  voltage  Vd,  if  the  negative  feedback  loop  doesn't 
respond,  the  reference  signal  is  reduced  to  the  ground- 
ing  level.  Therefore,  the  output  power  in  the  non-trans- 
mission  slot  can  be  sufficiently  reduced. 

According  to  the  embodiment  of  the  invention  as 
mentioned  above,  the  reference  signal  S1  is  maintained 
from  the  grounding  level  to  a  level  that  is  equal  to  or 
larger  than  the  rest  value  of  the  detector  at  the  time  of 
leading  of  the  transmission  output.  After  the  reference 
signal  entered  the  response  range  of  the  negative  feed- 
back  loop,  it  is  smoothly  raised  along  the  cosine  square 
wave.  At  the  time  of  the  trailing  of  the  transmission  out- 
put,  the  reference  signal  is  smoothly  reduced  to  a  level 
near  the  rest  value  of  the  detector  along  a  cosine  square 
wave  and  is  maintained  at  a  level  near  the  rest  value  of 
the  detector.  After  the  negative  feedback  loop  didn't  re- 
spond,  the  reference  signal  is  dropped  to  the  grounding 
level. 

The  reference  signal  generator  7  for  generating  the 
reference  signal  as  mentioned  above  can  be  construct- 
ed  by,  for  example,  as  shown  in  Fig.  10.  In  Fig.  10,  data 
to  generate  the  reference  signal  as  shown  in  Fig.  8  has 
been  stored  in  an  ROM  1  1  .  When  a  transmission  control 
signal  is  supplied  to  a  terminal  1  3,  an  address  is  gener- 
ated  from  an  address  generating  circuit  12  and  the  data 
of  the  reference  signal  is  read  out  from  the  ROM  1  1  .  The 
data  of  the  reference  signal  is  converted  into  an  analog 
signal  by  a  D/A  converter  14  and  is  outputted. 

The  reference  signal  which  is  generated  from  such 
a  reference  signal  generator  can  be  also  formed  by  add- 
ing  a  cosine  square  waveform  and  a  rectangular  wave 
in  an  analogwise  or  digital  manner.  Namely,  upon  lead- 
ing,  a  waveform  which  rises  along  a  cosine  square 
waveform  as  shown  in  Fig.  1IA  and  a  waveform  which 
rises  as  shown  in  Fig.  11  B  are  prepared.  Upon  trailing, 
a  waveform  which  trails  along  a  cosine  square  wave- 
form  as  shown  in  Fig.  12A  and  a  waveform  which  tails 
as  shown  in  Fig.  12B  are  prepared.  By  a  synthesizing 
circuit  comprising  resistors  R1  and  R2  as  shown  in  Fig. 
13,  upon  leading,  a  waveform  which  rises  along  a  cosine 
square  waveform  as  shown  in  Fig.  11  A  and  a  waveform 
which  rises  as  shown  in  Fig.  11  B  are  added.  Thus,  a 
leading  waveform  of  the  reference  signal  as  shown  in 

Fig.  11  C  can  be  obtained.  Upon  trailing,  a  waveform 
which  trails  along  a  cosine  square  waveform  as  shown 
in  Fig.  1  2A  and  a  waveform  which  trails  as  shown  in  Fig. 
12B  are  added.  Thus,  a  leading  waveform  of  the  refer- 

5  ence  signal  as  shown  in  Fig.  12C  can  be  obtained. 
When  the  control  of  the  leading  edge  and  the  control 

of  the  trailing  edge  are  simultaneously  executed,  a 
waveform  which  rises  along  a  cosine  square  waveform 
and  trails  along  a  cosine  square  wave  as  shown  in  Fig. 

10  14A  and  a  rectangular  wave  as  shown  in  Fig.  14B  are 
prepared.  By  adding  the  waveform  as  shown  in  Fig.  1  4A 
and  the  waveform  as  shown  in  Fig.  14B  are  added,  a 
leading  waveform  of  the  reference  signal  as  shown  in 
Fig.  1  4C  can  be  obtained.  It  is  also  possible  to  construct 

is  such  that  as  shown  by  a  broken  line  in  Fig.  14B,  after 
the  rectangular  wave  was  integrated,  it  is  added  and  a 
waveform  as  shown  by  a  broken  line  in  Fig.  14C  is  de- 
rived. 

According  to  the  invention,  upon  leading  of  the 
20  transmission  output,  the  reference  signal  is  raised  from 

the  grounding  level  to  the  rest  value  of  the  detector  or 
more  and  is  maintained  at  a  value  higher  than  the  rest 
value  of  the  detector.  After  the  reference  signal  entered 
the  response  range  of  the  negative  feedback  loop,  it  is 

25  smoothly  raised  along  the  cosine  square  wave.  Upon 
trailing  of  the  transmission  output,  the  reference  signal 
is  smoothly  dropped  to  a  value  near  the  rest  value  of  the 
detector  along  the  cosine  square  wave  and  is  main- 
tained  at  a  value  near  the  rest  value  of  the  detector.  After 

30  the  negative  feedback  loop  didn't  respond,  the  refer- 
ence  signal  is  reduced  to  the  rest  value  of  the  detector 
or  less.  By  using  such  a  reference  signal,  a  discontinuity 
of  the  transmission  level  at  the  leading  edge  of  the  trans- 
mission  output  doesn't  occur  and  the  generation  of  the 

35  spurious  can  be  prevented.  When  the  transmission  is 
started,  a  variation  in  time  until  the  maximum  power  is 
derived  doesn't  occur.  Further,  a  leakage  power  in  the 
non-transmission  slot  can  be  sufficiently  reduced. 

Although  the  preferred  embodiments  of  the  present 
40  invention  has  been  described  above,  the  invention  is  not 

limited  to  the  foregoing  embodiments  but  many  modifi- 
cations  and  variations  are  possible  within  the  scope  of 
the  appended  claims  of  the  invention. 

45 
Claims 

1  .  A  power  amplifying  circuit  comprising: 

so  a  variable  gain  power  amplifier  (1  ); 
a  detector  (5)  for  detecting  an  envelope  level  of 
an  output  of  said  variable  gain  power  amplifier 
0); 
a  reference  signal  generator  (7)  for  generating 

55  a  reference  signal  to  convert  an  envelope  of  the 
output  of  said  variable  gain  power  amplifier  (1  ) 
to  a  smooth  waveform;  and 
a  negative  feedback  loop  for  comparing  the  en- 

6 



11 EP  0  786  859  A2 12 

velope  level  of  the  output  of  said  variable  gain 
power  amplifier  (1)  detected  by  said  detector 
(5)  with  a  waveform  of  the  reference  signal 
which  is  generated  from  said  reference  signal 
generator  (7),  thereby  controlling  a  gain  of  said  s 
variable  gain  power  amplifier  in  accordance 
with  a  comparison  output, 
characterised  in  that  a  level  of  the  reference 
signal  from  said  reference  signal  generator  (7) 
is  raised  from  a  value  lower  than  a  rest  value  10 
of  said  detector  (5)  to  a  value  higher  than  said 
rest  value  of  said  detector  (5)  upon  leading  of 
a  transmission  output  and  is  maintained  to  a 
value  higher  then  the  rest  value  of  said  detector 
(5)  and,  after  that,  said  level  is  smoothly  raised.  15 

2.  A  power  amplifying  circuit  comprising: 

a  variable  gain  power  amplifier  (1  ); 
a  detector  (5)  for  detecting  an  envelope  level  of  20 
an  output  of  said  variable  gain  power  amplifier; 
a  reference  signal  generator  (7)  for  generating 
a  reference  signal  to  convert  an  envelope  of  the 
output  of  said  variable  gain  power  amplifier  (1  ) 
to  a  smooth  waveform;  and  25 
a  negative  feedback  loop  for  comparing  the  en- 
velope  level  of  the  output  of  said  variable  gain 
power  amplifier  (1)  detected  by  said  detector 
(5)  with  a  waveform  of  the  reference  signal 
which  is  generated  from  said  reference  signal  30 
generator  (7),  thereby  controlling  a  gain  of  said 
variable  gain  power  amplifier  (1  )  in  accordance 
with  a  comparison  output, 
characterised  in  that  a  level  of  the  reference 
signal  from  said  reference  signal  generator  (7)  35 
is  smoothly  reduced  to  a  value  near  a  rest  value 
of  said  detector  (5)  upon  trailing  of  a  transmis- 
sion  output  and  is  maintained  to  the  value  near 
the  rest  value  of  the  said  detector  (5)  and,  after 
that,  said  level  is  reduced  to  the  rest  value  of  40 
said  detector  (5)  or  less. 

3.  A  power  amplifying  method  comprising: 

detecting  an  envelope  level  of  an  output  of  a  45 
variable  gain  power  amplifier  by  a  detector; 
generating  a  reference  signal  to  convert  an  en- 
velope  of  the  output  of  said  variable  gain  power 
amplifier  to  a  smooth  waveform  by  a  reference 
signal  generator;  and  so 
comparing  the  envelope  level  of  the  output  of 
said  variable  gain  power  amplifier  detected  by 
said  detector  with  a  waveform  of  the  reference 
signal  which  is  generated  from  said  reference 
signal  generator,  thereby  controlling  a  gain  of  55 
said  variable  gain  power  amplifier  in  accord- 
ance  with  a  comparison  output,  and 
characterising  by  further  comprising  raising  a 

level  of  the  reference  signal  from  said  reference 
signal  generator  from  a  value  lower  than  a  rest 
value  of  said  detector  to  a  value  higher  than  the 
rest  value  of  said  detector  upon  leading  of  a 
transmission  output,  maintaining  said  level  to  a 
value  higher  than  the  rest  value  of  said  detec- 
tor,  and  after  that,  smoothly  raising  said  level. 

4.  A  power  amplifying  method  comprising: 

detecting  an  envelope  level  of  an  output  of  a 
variable  gain  power  amplifier  by  a  detector; 
generating  a  reference  signal  to  convert  an  en- 
velope  of  the  output  of  said  variable  gain  power 
amplifier  to  a  smooth  waveform  by  a  reference 
signal  generator;  and 
comparing  the  envelope  level  of  the  output  of 
said  variable  gain  power  amplifier  detected  by 
said  detector  with  a  waveform  of  the  reference 
signal  which  is  generated  from  said  reference 
signal  generator,  thereby  controlling  a  gain  of 
said  variable  gain  power  amplifier  in  accord- 
ance  with  a  comparison  output,  and 
characterised  by  further  comprising  smoothly 
reducing  a  level  of  the  reference  signal  from 
said  reference  signal  generator  to  a  value  near 
a  rest  value  of  said  detector  upon  trailing  of  a 
transmission  output,  maintaining  said  level  to  a 
value  near  the  rest  value  of  said  detector,  and 
after  that,  reducing  said  level  to  the  rest  value 
of  said  detector  or  less. 

5.  A  power  amplifying  circuit  comprising: 

a  variable  gain  power  amplifier  (1  ); 
a  detector  (5)  for  detecting  an  envelope  level  of 
an  output  of  said  variable  gain  power  amplifier 
(1); 
a  reference  signal  generator  (7)  for  generating 
a  reference  signal  to  convert  an  envelope  of  the 
output  of  said  variable  gain  power  amplifier  (1  ) 
to  a  smooth  waveform;  and 
a  negative  feedback  loop  for  comparing  the  en- 
velope  of  the  output  of  said  variable  gain  power 
amplifier  (1)  detected  by  said  detector  (5)  with 
a  waveform  of  the  reference  signal  which  is 
generated  from  said  reference  signal  generator 
(7),  thereby  controlling  a  gain  of  said  variable 
gain  power  amplifier  (1)  in  accordance  with  a 
comparison  output, 
characterised  in  that  a  level  of  the  reference 
signal  from  said  reference  signal  generator  (7) 
is  raised  from  a  value  lower  than  a  rest  value 
of  said  detector  (5)  to  a  value  higher  than  said 
rest  value  of  said  detector  (5)  upon  leading  of 
a  transmission  output  and  is  maintained  to  a 
value  higher  than  the  rest  value  of  said  detector 
(5),  for  a  period  of  time  during  which  said  neg- 
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ative  feedback  loop  operates,  and  after  that, 
said  level  is  smoothly  raised. 

6.  A  power  amplifying  circuit  comprising: 

7.  A  circuit  according  to  claim  2  or  6,  wherein  a  wave- 
form  of  said  portion  which  is  smoothly  reduced  is  a 
cosine  square  waveform. 

8.  A  power  amplifying  method  comprising: 

detecting  an  envelope  level  of  an  output  of  a 
variable  gain  power  amplifier  by  a  detector; 
generating  a  reference  signal  to  convert  an  en- 
velope  of  the  output  of  said  variable  gain  power 
amplifier  to  a  smooth  waveform  by  a  reference 
signal  generator;  and 
comparing  the  envelope  level  of  the  output  of 
said  variable  gain  power  amplifier  detected  by 
said  detector  with  a  waveform  of  the  reference 
signal  which  is  generated  from  said  reference 
signal  generator,  thereby  controlling  a  gain  of 
said  variable  gain  power  amplifier  in  accord- 
ance  with  a  comparison  output,  and 
characterised  by  further  comprising  raising  a 
level  of  the  reference  signal  from  said  reference 
signal  generator  from  a  value  lower  than  a  rest 
value  of  said  detector  to  a  value  higher  than  the 
rest  value  of  said  detector  upon  leading  of  a 
transmission  output,  maintaining  said  level  to  a 
value  higher  than  the  rest  value  of  said  detector 

for  a  period  of  time  during  which  said  control 
loop  operates,  and  after  that,  raising  said  level 
smoothly. 

5  9.  A  power  amplifying  method  comprising: 

detecting  an  envelope  level  of  an  output  of  a 
variable  gain  power  amplifier  by  a  detector; 
generating  a  reference  signal  to  convert  an  en- 

10  velope  of  the  output  of  said  variable  gain  power 
amplifier  to  a  smooth  waveform  by  a  reference 
signal  generator;  and 
comparing  the  envelope  level  of  the  output  of 
said  variable  gain  power  amplifier  detected  by 

is  said  detector  with  a  waveform  of  the  reference 
signal  which  is  generated  from  said  reference 
signal  generator,  thereby  controlling  a  gain  of 
said  variable  gain  power  amplifier  in  accord- 
ance  with  a  comparison  output,  and 

20  characterised  by  further  comprising  smoothly 
reducing  a  level  of  the  reference  signal  from 
said  reference  signal  generator  to  a  value  near 
a  rest  value  of  said  detector  upon  trailing  of  a 
transmission  output,  maintaining  said  level  to  a 

25  value  near  the  rest  value  of  said  detector  for  a 
period  of  time  during  which  said  control  loop  op- 
erates,  and  after  that,  reducing  said  level  to  the 
rest  value  of  said  detector  or  less. 

30  10.  A  method  according  to  claim  4  or  9,  wherein  a  wave- 
form  of  said  portion  which  is  smoothly  reduced  is  a 
cosine  square  waveform. 

11.  A  power  amplifying  circuit  comprising: 
35 

a  variable  gain  power  amplifier  (1  ); 
a  detector  (5)  for  detecting  an  envelope  level  of 
an  output  of  said  variable  gain  power  amplifier 
0); 

40  a  reference  signal  generator  (7)  for  generating 
a  reference  signal  to  convert  an  envelope  of  the 
output  of  said  variable  gain  power  amplifier  to 
a  smooth  waveform;  and 
a  negative  feedback  loop  for  comparing  the  en- 

45  velope  level  of  the  output  of  said  variable  gain 
power  amplifier  (1)  detected  said  detector  (5) 
with  a  waveform  of  the  reference  signal  which 
is  generated  from  said  reference  signal  gener- 
ator  (7),  thereby  controlling  a  gain  of  said  vari- 

50  able  gain  power  amplifier  (1  )  in  accordance  with 
a  comparison  output, 
characterised  in  that  a  level  of  the  reference 
signal  from  said  reference  signal  generator  (7) 
is  raised  from  a  value  lower  than  a  rest  value 

55  of  said  detector  (5)  to  a  value  higher  than  said 
rest  value  of  said  detector  (5)  upon  leading  of 
a  transmission  output  and  is  maintained  to  a 
value  higher  than  the  rest  value  of  said  detector 

a  variable  gain  power  amplifier  (1  ); 
a  detector  (5)  for  detecting  an  envelope  level  of 
an  output  of  said  variable  gain  power  amplifier 
(1); 
a  reference  signal  generator  (7)  for  generating  10 
a  reference  signal  to  convert  an  envelope  of  the 
output  of  said  variable  gain  power  amplifier  (1  ) 
to  a  smooth  waveform;  and 
a  negative  feedback  loop  for  comparing  the  en- 
velope  level  of  the  output  of  said  variable  gain  15 
power  amplifier  (1)  detected  by  said  detector 
(5)  with  a  waveform  of  the  reference  signal 
which  is  generated  from  said  reference  signal 
generator  (7),  thereby  controlling  a  gain  of  said 
variable  gain  power  amplifier  (1  )  in  accordance  20 
with  a  comparison  output, 
characterised  in  that  a  level  of  the  reference 
signal  from  said  reference  signal  generator  (7) 
is  smoothly  reduced  to  a  value  near  a  rest  value 
of  said  detector  (5)  upon  trailing  of  a  transmis-  25 
sion  output  and  is  maintained  to  the  value  near 
the  rest  value  of  said  detector  (5)  for  a  period 
of  time  during  which  said  negative  feedback 
loop  operates,  and  after  that,  said  level  is  re- 
duced  to  the  rest  value  of  said  detector  (5)  or  30 
less. 
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(5)  and,  after  that,  said  level  is  smoothly  raised 
from  the  start  of  the  operation  of  said  negative 
feedback  loop. 

12.  A  circuit  according  to  any  one  of  claims  1  ,  5  or  11  ,  s 
wherein  a  waveform  of  said  portion  which  is 
smoothly  raised  is  a  cosine  square  waveform. 

13.  A  power  amplifying  method  comprising: 
10 

detecting  an  envelope  level  of  an  output  of  a 
variable  gain  power  amplifier  by  a  detector; 
generating  a  reference  signal  to  convert  an  en- 
velope  of  the  output  of  said  variable  gain  power 
amplifier  to  a  smooth  waveform  by  a  reference  15 
signal  generator; 
comparing  the  envelope  level  of  the  output  of 
said  variable  gain  power  amplifier  detected  by 
said  detector  with  a  waveform  of  the  reference 
signal  which  is  generated  from  said  reference  20 
signal  generator,  thereby  controlling  a  gain  of 
said  variable  gain  power  amplifier  in  accord- 
ance  with  a  comparison  output,  and 
characterised  by  further  comprising  raising  a 
level  of  the  reference  signal  from  said  reference  25 
signal  generator  from  a  value  lower  then  a  rest 
value  of  said  detector  to  a  value  higher  than  the 
rest  value  of  said  detector  upon  leading  of  a 
transmission  output,  maintaining  said  level  to  a 
value  higher  than  the  rest  value  of  said  detec-  30 
tor,  and  after  that,  smoothly  raising  said  level 
from  the  start  of  the  operation  of  said  control 
loop. 

14.  A  method  according  to  any  one  of  claims  3,  8  or  13,  35 
wherein  a  waveform  of  said  portion  which  is 
smoothly  raised  is  a  cosine  square  waveform. 
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